tion strategies (7) (8) (9) (10) (11) . This approach resulted in the identifiion of mda-7 as a unique gene selectively up-regulated during ' process of terminal differentiation and irreversible growth est in melanoma cells (11) . Current data suggest that mda-7 a member of the IL-10 subfamily, which now includes IL-19, -TIF, AK-155, and IL-20 (12) (13) (14) (15) (16) . On the basis of the presence an IL-10 signature sequence, a 49-aa N-terminal signal ptide, physical location in the human genome on chromosome us lq32 in an apparent cytokine cluster, including IL-10, -19, and IL-20, and its ability to signal through the IL-20R nplex, mda-7 has now been classified as IL-24 (16) (17) (18) ).
An intriguing property of mda-7/IL-24 is its ability, when pressed by means of a replication-incompetent adenovirus, [.mda-7, to induce apoptosis in many human cancer cell ntexts, but sparing normal human cells from toxicity (19).
[.mda-7 infection of melanoma, breast carcinoma, colon caroma, prostate carcinoma, small cell lung carcinoma, and ncreatic carcinoma (when used in combination with antisenseras oligonucleotide) culminates in apoptosis (19) (20) (21) (22) (23) . How-:r, normal melanocytes, endothelial cells, mammary and )state epithelial cells, and skin fibroblasts are refractive to l.mda-7-induced killing (19, 20, 22, 23) . Although the apopto--inducing effect of mda-7 is well established, the pathway(s) ponsible for this cancer-specific apoptosis remains to be cidated. Moreover, on the basis of selective cancer-specific ling by Ad.mda-7, this gene may prove effective in the ne-based therapy of cancer (19, 20, 23, 24) . Growth-arrest and DNA damage-inducible genes were origi-.ly isolated from UV radiation-treated cells and subsequently )uped according to their coordinate regulation by growth est and DNA damage (25) . Later these genes were found to stress response genes that were induced by UV radiation, smical carcinogens, starvation, oxidative stress, and apopto--inducing agents such as tumor necrosis factor-a, C-2 ceride, dimethyl sphingosine, anti-Fas antibody, and staurospor-, (26) (27) (28) (29) . The five members of this family of growth arrest and 4A damage (GADD)-inducible genes are GADD34, NDD45a, GADD45/3, GADD45y, and GADD153, which ende highly acidic nuclear proteins with similar and unusual arge characteristics (30, 31) . GADD34 is a 73-kDa protein that eracts with a diverse array of proteins within the cell (32-38). me of these interactions facilitate growth suppression/apo-)sis, whereas others indicate its involvement in translation tiation, DNA recombination or repair, mRNA transport, and transcriptional regulation. GADD45, a p53-regulated gene, RN codes for a 21-kDa protein that interacts with the products of two fr( other p53-regulated genes, p21WAF1/CIPl/MDA-6 and proliferating m; cell nuclear antigen, and has been implicated in specific aspects as of nucleotide excision repair (39, 40). GADD45 also interacts hu with MTK1 MAPKKK and thus mediates activation of p38 and 50 JNK MAP kinases in response to environmental stress (30 A Isolation and Northern Blot Analysis. Total RNA was extracted >m the cells by using Qiagen RNeasy mini kit according to the anufacturer's protocol, and Northern blotting was performed described (53). The cDNA probes used were full-length man GADD153, full-length human GADD45-ac, j, and y, a 0-bp fragment from human GADD34, and full-length human APDH.
:stern Blot Analysis. Western blotting was performed as deribed ( IA Fragmentation Assay. Adherent and floating cells from a -cm dish were used for DNA fragmentation assays which were rformed as described (22) .
II Cycle Analysis. Cells were harvested, washed in PBS, and fixed ernight at -20?C in 70% ethanol. The cells were treated with Nase A (1 mg/ml) at 37?C for 30 min and then with propidium dide (50 tLg/ml). Cell cycle was analyzed by using a FACScan )w cytometer and data were analyzed with CELLQUEST softire (Becton Dickinson).
atistical Analysis. Statistical analysis was performed by using e-way ANOVA, followed by Fisher's protected least signifint difference analysis. sults ection of Human Melanoma Cells, but Not Normal Immortal Melacytes, with Ad.mda-7 Induces the GADD Family of Genes. Melama cell lines were infected with either Ad.mda-7 or Ad.vec, i: tal RNA was extracted, and the expression pattern of mRNAs lii the GADD family of genes was analyzed by Northern blot I alysis. As shown in Fig. 1A , the expression of mRNAs for ADD153, GADD34, GADD45a, and GADD45y was either detectable or low in the control and Ad.vec-infected melama cells. At day 1 after infection with Ad.mda-7, when no fect occurs on the growth of these melanoma cells (22) , no ange in GADD gene expression is apparent. However, at days and 3 after infection, a marked induction of GADD153, ADD34, GADD45ta, and GADD457 genes occurs in melama cells but not in FM516-SV (FM516) cells, which are mortalized normal human melanocytes (47). This induction (Fig. 1B) . The level of induction of the fai GADD family mRNA gradually increased when cells were in] infected with a multiplicity of infection of 1, 10, or 100 plaque-an forming units (pfu) per cell. Infection of FO-1 with 100 pfu per wi cell of Ad.mda-7 also resulted in an increase in the protein levels 1 of the respective GADD family of genes (Fig. 1C) )ression of this GADD family member was not determined. e level of the housekeeping protein EFla was unchanged er Ad.mda-7 infection documenting the specificity of the luction of the GADD family gene members. uction of the GADD Family of Genes by Ad.mda-7 Proceeds Through X p38 MAPK Pathway. Experiments were performed to define signaling pathway(s) involved in GADD family gene expresn after infection with Ad.mda-7. The GADD family of genes induced by diverse stimuli, and one major pathway that is 'olved in this induction is by way of the p38 MAPK pathway ), 54, 55). Because activation of the p38 MAPK pathway ;ults in apoptosis in various cell types, the involvement of this thway in Ad.mda-7-mediated induction of GADD family of nes was examined. FO-1 cells were infected with Ad.mda-7 d then the cells were treated with SB203580, a selective p38 APK inhibitor, to determine effects on induction of the kDD family of genes. SB203580 was also chosen for these idies because this inhibitor selectively blocks Ad.mda-7--diated cell death in several cancer cell types, besides melama cells (data not shown). Dose-response studies indicated it the most effective SB203580 concentration, without inductoxicity, in FO-1 cells was 1 /tM. Treatment with SB203580 )ne did not affect the basal expression of any of the GADD nily of genes ( Fig. 2A) . However, SB203580 significantly hibited Ad.mda-7-mediated induction of these genes at days 2 d 3. The inhibitory effect of SB203580 was dose-dependent th minimum inhibition at 0.01 zM and maximum inhibition at .M ( Fig. 2A) . Western blotting also revealed that SB203580 uld inhibit Ad.mda-7-mediated induction of GADD153, MDD34, and GADD45a proteins (Fig. 2B) . The effect of Ad.mda-7 infection on p38 MAPK phosphory-Ad lation was tested (Fig. 2C) . In FO-1 cells, the level of phospho-wa p38 MAPK increased significantly from day 1 to 3 after Ma Ad. ecAd.mda-7 infection (Fig. 2C) cell viability after Ad.mda-7 infection, which was achieved by blocking p38 MAPK pathway pharmacologically with SB203580 Blo or by using AdCMV-Flagp38(AGF). FO-1 cells were infected pta with Ad.mda-7, alone or with AdCMV-Flagp38(AGF), or they me were treated with SB203580 and cell viability was determined by pr( using the MTT assay 4 days later (Fig. 3) . Infection with eit Ad.mda-7 significantly reduced cell viability (r75%) 4 days post we infection (Fig. 3) , while infection with AdCMV-Flagp38(AGF) lyz or treatment after SB203580 reversed the mda-7 inhibitory wil effect. coI A series of experiments were also performed to determine if set SB203580 or AdCMV-Flagp38(AGF) could inhibit Ad.mda-7-ag; mediated apoptosis, as monitored by DNA fragmentation, nal in FO-1 cells. Three days after infection of FO-1 cells with prc Ad.mda-7 resulted in significant DNA fragmentation as com-bei pared with control and SB203580-treated cells (Fig. 4A) . inf However, treatment with SB203580 effectively inhibited ove Ad.mda-7-mediated DNA fragmentation in FO-1 cells. These rol results were confirmed by cell cycle analysis (Fig. 4B) . One day after infection with Ad.mda-7 no induction of apoptosis was Dis apparent (Fig. 4C) . 
Treatment with SB203580 inhibits
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in an initial study to be safe with only mild toxicities observed and to induce apoptosis in a large percentage of tumor volume when injected intratumorally (58). However, despite entry into the clinical arena, the molecular mechanism of mda-7 action still . e inc remains to be elucidated. The present study depicts a specific signaling pathway responsible for the apoptosis-inducing effect of Ad.mda-7 in the framework of human melanoma cells from b wi which mda-7/IL-24 was first identified and cloned (11) .
le Two recent reports demonstrate that mda-7/IL-24 can bind e and signal through the IL20R1/IL22R2 and IL20R1/IL20R2 7' receptor complexes and this interaction causes phosphorylation wa of STAT 3 (18, 59). However, the biological relevance of STAT 6). 3 phosphorylation is not known. The present study provides ap direct evidence indicating that the apoptotic effect of Ad.mda-7 th in melanoma cells is mediated by the p38 MAPK pathway. In or numerous instances, activation of the p38 MAPK pathway has correlated with induction of apoptosis (60-66). These include no the concomitant activation of p38 MAPK and apoptosis induced of by diverse agents and experimental conditions, including nerve ge growth factor withdrawal, Fas ligation, and exposure to tumor ap necrosis factor-a, ceramides, sodium salicylates, peroxynitrite, and UV radiation (29, (60) (61) (62) (63) (64) (65) (66) (67) . In addition, the selective p38 de MAPK inhibitor, SB203580, can block sodium salicylate-induced th; FS-4 fibroblast apoptosis, glutamate-induced cerebellar granule m( cell apoptosis, serum depletion-induced Rat-1 cell death, nerve M growth factor withdrawal-induced PC12 cell apoptosis, tumor pa necrosis factor-a-mediated rat fetal brown adipocyte apoptosis, in( and TL1-induced bovine pulmonary artery endothelial cell me apoptosis (60, 63-65). Activation of the GADD family of genes cel by p38 MAPK might represent a mechanism by which some of Ac these protocols induce apoptosis (29, 54, 55). Fas-or ceramide-wh induced apoptosis is mediated by p38 MAPK and GADD153 un (55). Oxidative stress by peroxynitrite induces GADD34, ex] GADD45, and GADD153 by means of the p38 MAPK pathway wh and induces apoptosis in neuroblastoma cells (29) . un In the present study, the GADD family of genes was up-M regulated both at mRNA and protein levels by Ad.mda-7 in cel human melanoma, but not in normal immortal melanocytes. (Fig. 1A) . GADD34 functions as a negative ;ulator for the expression of GADD153 during unfolded )tein response (70) providing a possible explanation for the differences in the levels of these two GADD family member me genes in FM516 cells. Although both GADD34 and GADD153 ap are capable of inducing apoptosis either alone or in combination, in certain contexts they might be part of a check-and-balance loop for viability within the cell. It is possible that the high basal Th level of GADD34 in FM516 cells might give them some inherent D/ resistance to mda-7-mediated killing. Future studies directed to an explore this question further and to determine the generality of the these relationships between changes in GADD gene family Ur
